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The Market Impacts of Pharmaceutical Product Patents
in Developing Countries: Evidence from India’

By MARK DUGGAN, CRAIG GARTHWAITE, AND APARAJITA GOYAL™

In 2005, as the result of a World Trade Organization mandate, India
implemented a patent reform for pharmaceuticals that was intended to
comply with the 1995 Trade-Related Aspects of Intellectual Property
Rights (TRIPS). Exploiting variation in the timing of patent deci-
sions, we estimate that a molecule receiving a patent experienced an
average price increase of just 3—6 percent, with larger increases for
more recently developed molecules and for those produced by just
one firm when the patent system began. Our results also show little
impact on quantities sold or on the number of pharmaceutical firms
operating in the market. (JEL K33, L11, L13, L65, O14, 034, O38)

Intellectual property (IP) protection for pharmaceuticals in the developing world
is a heavily discussed issue. The debate has only grown more contentious as many
formerly poor countries have experienced rapid economic growth and now represent
potentially profitable markets for foreign pharmaceutical firms. Partly because of
the growing importance of developing countries as consumers for many products, in
1994 all members of the World Trade Organization were required to adopt the Trade
Related Intellectual Property Standards (TRIPS). TRIPS was intended to establish
uniform IP standards across countries including a product patent system for pharma-
ceuticals. Many developing countries were given ten years to implement a TRIPS-
compliant regime and have only recently created these systems. As a result, little is
known about the effects of these policies in developing countries. In this paper, we
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aim to partially fill this gap in the literature by examining the effects of the 2005
implementation of a product patent system in India on pharmaceutical prices, quan-
tities sold, and market structure.

Patent protection for pharmaceutical products represents a trade-off. Economic
theory suggests that providing firms with monopoly rights via patents will result in
price increases and an inefficiently low number of pharmaceuticals sold today. In
exchange for this inefficiency, these patents are intended to provide the necessary
incentives for the development of products in the future (Nordhaus 1969; Kyle and
McGahan 2012; Berndt and Cockburn 2014). In accordance with this view of a
potential static inefficiency, Chaudhuri, Goldberg, and Jia (2006) estimated that,
without implementing any price controls or other regulatory policies intended to
improve access to newly patented products, a strongly enforced Indian product pat-
ent system would raise prices by 100 to 400 percent in a subsegment of the antibiotic
sector. Alarmed by predictions such as these, activists and policymakers decried
TRIPS. Abbot, Kapczynski, and Srinivasan (2005) said, “[i]t is likely that prices of
essential drugs will go up significantly once patents are granted.” Similarly, Saha
(2004) said “[w]hile the benefits of strong IP protection for developing countries are
a matter of debate and nearly always in the distant future, such protection invariably
entails substantial real and immediate costs.”

These predictions and protestations generally represent fears about the outcome
of a “textbook” product patent system, i.e., one in which foreign innovating firms
are granted monopoly rights while domestic infringing firms are immediately
pushed out of the market for the length of the patent term. Perhaps as a result of
the concerns highlighted above, the actual Indian system was far from this textbook
example. As Sampat (2010, p. 5) describes, “there is a widespread perception that
TRIPS flipped the patent switch from ‘off” to ‘on’ in developing countries ... (but)
like many international agreements, TRIPS includes room for interpretation and, in
pharmaceuticals, flexibilities.” Chaudhuri, Goldberg, and Jia (2006) note that regu-
latory features such as these would significantly blunt the price increases relative to
an unfettered patent system.

In India the specific flexibilities included in the patent reform involved regulatory
measures such as compulsory licensing (i.e., the ability to force patent holders to
grant a license to domestic firms under certain conditions), formal price controls,
and the right for domestic firms producing newly patented molecules to pay a roy-
alty and continue their commercial activities. Some commentators complained these
policies countered the very purpose of the reform. Dugger (2001) said “Indian com-
panies will probably be able to go on making and selling copycat drugs even after
2005.” On the other hand, even the regulatory flexibilities included in TRIPS did
not mollify all of its critics. Chatterjee (2005, p. 1378) said that “[d]espite several
last-minute amendments, the new law will make it far more difficult for poor people
across the developing world to access vital drugs, especially new ones, at affordable
prices.”

In practice, during our sample period, the Indian government only sparingly used
the available regulatory tools. However, previous theoretical and empirical work
has shown that regulators need not actually exert their power to affect market out-
comes. Given the threat of onerous regulations, firms have been shown to preemp-
tively modify their behavior (Glazer and McMillan 1992; Erfle and McMillan 1990;
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Ellison and Wolfram 2006). Therefore, the mere existence of the additional regula-
tory tools discussed above could constrain excessive price increases even without
their explicit use. Perhaps as evidence of a fear of compulsory licensing, the maker
of Sovaldi recently announced that it would partner with generic drug manufactur-
ers and sell its controversial hepatitis C cure Sovaldi for $900 across approximately
90 developing countries (Silverman 2014). At that time, the United States list price
for Sovaldi was $84,000.

In addition to the regulatory flexibilities in TRIPS, there may also simply be
differences between the de jure and de facto operation of product patents for phar-
maceuticals in developing economies. This would not be unique to this product mar-
ket. There is a broad literature demonstrating substantial differences between the
operation of government institutions in the developed and developing world. Many
studies have found that formal rules in the developing world are often subverted in
ways that are not typical to other settings (e.g., Bertrand et al. 2007; Fisman and Wei
2004). If this were the case with patent regulations, then TRIPS may actually have
few market effects.

In the presence of price controls and other regulatory constraints both Chaudhuri,
Goldberg, and Jia (2006) and Goldberg (2010) predict that the actual effect of
TRIPS on prices and the subsequent profits of foreign pharmaceutical firms would
likely be quite small. In addition, the ability of firms to demand royalty payments
from existing producers of newly patented molecules suggest the possibility of price
increases without large changes in the number of firms producing newly patented
molecules. Finally, unenforced patents could result in little to no price changes.
Given the lack of a clear theoretical prediction, the net effect of the combination of
regulatory features of the Indian reform is ultimately an open empirical question.

In this paper, we address this open question using a novel and newly gathered
dataset of product patents granted by the Indian government. We match this to a
comprehensive set of longitudinal sales data on single molecule products sold in
the Indian pharmaceutical retail market in the years preceding and for several years
after the introduction of the patent system. Our analysis sample includes more than
6,000 products containing approximately 1,000 molecules with strictly positive
sales in the first quarter of 2005. Given data constraints we cannot systematically
link patents to specific products in our sales data, and we therefore consider patent-
ing activity at the molecule level based on an exhaustive keyword search of granted
patents. Because our data include single molecule products, our linkage between
patents and molecules is relatively direct. Approximately one-third of the molecules
in our sample are covered by at least one product patent by the end of 2011.

We aggregate our outcome variables to the molecule-quarter level and focus pri-
marily on the (log of) average price per daily dose, the (log of the) number of daily
doses, and the number and relative concentration of firms selling the molecule. Our
identification strategy exploits variation across molecules in the timing of patent
grants. As we discuss below, certain features of the Indian patent system make the
timing and outcome of patent decisions uncertain to applying firms and the broader
market. For example, the reform provided the Indian patent office with a good deal
of latitude regarding what innovations qualify as patentable and therefore firms were
likely unable to easily predict whether their applications (or those of their compet-
itors) would be successful. Our baseline specification controls for molecule fixed
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FIGURE 1. EVENT STUDY ESTIMATES FOR THE LOG OF THE AVERAGE PRICE BEFORE AND AFTER A PATENT IS GRANTED

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects. The dotted line represents the 95 percent confidence intervals with standard errors that allow for arbi-
trary correlation between observations within the same molecule. These estimates are based on data from IMS AG
MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

effects and quarter-by-year fixed effects and we account for the possibility that mol-
ecules receiving a patent during our study period may be on different trends than
those that are never patented.

We find a statistically significant but economically modest price increase for
molecules receiving a patent. Our point estimate suggests a price increase of only
approximately 3 percent after a patent is granted and we can rule out average price
increases for the main sample of more than 5.3 percent. To provide some context for
this magnitude, patented products are on average about three times more expensive
than generic versions in the United States (Alazarki 2011).

We test our key identifying assumption—that the timing of a patent is orthogonal
to unobserved determinants of pharmaceutical prices and our other outcome vari-
ables of interest—by investigating how these outcomes evolve in the quarters lead-
ing up to the one in which a patent first takes effect| Figure 1]displays the evolution
of the average price (relative to baseline) for the eight quarters before and after a
patent is granted from an event study version of our baseline specification. Prior to
the grant of a patent there is little change in prices, however following a patent grant
there is a small, immediate, and persistent price increase.

We also exploit variation based on the age of the molecule. The legislation
treated molecules with their first patent outside of India before 1995 differently
from more recent molecules. This institutional feature should result in these more
recent molecules having stronger patent protection and therefore larger changes in
market outcomes. Figure 2|contains estimates from an event study specification for
samples based on whether the molecule was first sold in India before or after 1995
(which serves as a proxy for the first date of patent outside of India). Consistent with



VOL. 106 NO. 1 DUGGAN ET AL.: MARKET IMPACTS OF PHARMACEUTICAL PRODUCT PATENTS 103

0.08 7

0.07

0.06 Molecules first
sold after 1995

0.05

0.04

0.03 7

Molecules first sold
before 1995

0.02

0.01 /
N ~

T
5 6 7 B8+

T T T T T~
0 1 2 3 4
7

—0.01

—0.02 -

FIGURE 2. EVENT STUDY ESTIMATES FOR THE LOG OF THE AVERAGE PRICE
BEFORE AND AFTER A PATENT Is GRANTED BY MOLECULE VINTAGE

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects for molecules that are first sold in the Indian market after 1995. The dashed line represents the esti-
mates from a similar model for a sample of products first sold in the Indian market before 1995. These estimates are
based on data from IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

patents for older molecules being weaker, we find that the post-patent price increase
is driven by more recent molecules.”

One concern with estimating specifications on the full sample is that it includes
a heterogeneous set of molecules and potentially some measurement error in the
matching of patents to specific products. To obtain a more comparable set of mol-
ecules for which patents are likely to be more important and well matched to prod-
ucts, we next focus on molecules first approved for sale in the United States between
1996 and 2004. These drugs likely had more potential for large welfare effects in
the Indian market. In this smaller sample we have data on patent grants, denials, and
pending applications. Comparing patented drugs to those whose patents were still
pending, we find a statistically significant price increase of approximately 6 percent-
age points and can rule out an increase of greater than 12 percent.

Given the juxtaposition between the concern that TRIPS would cause large price
increases and our relatively small estimates, we next consider the potential mech-
anisms underlying our modest price effects. We note that the presence of substi-
tute goods should moderate the pricing power of firms receiving patent protection.
One of the regulatory flexibilities included in the Indian patent reform is that firms

!In contemporaneous work, Kyle and Qian (2014) also exploit this difference in the priority year to estimate the
effect of TRIPS on the patent premium across a number of developing countries. They also find relatively modest
price increases across these developing countries.
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making a newly patented product prior to a patent being granted must be allowed
to pay a reasonable royalty and continue selling the good. This should greatly limit
the effect of patents for these molecules. Accordingly, we find that our price effects
are primarily driven by products containing molecules that are sold by only one firm
in the year in which the reform was implemented. We estimate that these products
had an average price increase of approximately 20 percent following a patent. These
single firm molecules are perhaps more similar to newly developed products that
will receive patent protection in the future and therefore might serve as a reasonable
estimate of the future effects of the Indian patent reform. However, even these price
increases would still be relatively small compared to the estimates of the patent pre-
mium in developed economies such as the United States.

We nextexamine changes in the quantity sold following these price increases. While
the demand curves for pharmaceutical products are presumably downward-sloping,
it is not immediately clear that our modest price increases should result in market
wide quantity reductions. Given that originating firms can potentially claim a greater
share of the profits following a patent, and patent protection may provide an entry
barrier, these firms may now make large fixed costs investments to promote their
products (such as advertising). Previous work has found that, depending on the size
of the market, firms may attempt to strategically deter entrants through reductions in
advertising when entry barriers are weakened (Ellison and Ellison 2011). Our point
estimates suggest a modest decline in the quantity sold, though these estimates are
statistically insignificant.

We also consider the effect of patents on market structure. More specifically,
we estimate that the molecule level sales concentration—as measured by the
Herfindahl-Hirschman index—increased following the grant of a patent. The mag-
nitude of the estimate suggests that while sales became more concentrated after a
patent was granted, incumbent firms did not exit to a significant extent. Consistent
with this, the average number of firms with strictly positive sales for molecules that
receive a patent was virtually unchanged during the latter part of our study period,
actually rising slightly from 14.6 firms in the first quarter of 2006 (when virtually
none of them yet had a patent) to 14.7 firms in the first quarter of 2011.

Our results demonstrate that the implementation of product patents for India did
not cause either the large increases in pharmaceutical prices or the dramatic consol-
idation of the market that some predicted prior to its enactment. Consistent with the
predictions of Chaudhuri, Goldberg, and Jia (2006), this small effect is likely driven
by the provisions in TRIPS intended to limit the impact on access to pharmaceu-
ticals combined with the difficulties of implementing and enforcing a new patent
system in a developing economy.

The lack of large profit increases from patents is important for understanding firm
behavior with respect to investments in the development of new products. Previous
research has found little change in innovation targeting the developing world or in
the rate of new drug launches in India as a result of TRIPS (Lanjouw and Cockburn
2001; Kyle and McGahan 2012). Similar to this previous work, an analysis of our
data provides little evidence to suggest that the pace of new molecule introduction
accelerated as a result of India’s adopting a TRIPS-compliant patent system. This
could result from innovative efforts not responding to changes in expected profits,
but previous evidence from profit shocks in the developed world suggest otherwise



VOL. 106 NO. 1 DUGGAN ET AL.: MARKET IMPACTS OF PHARMACEUTICAL PRODUCT PATENTS 105

(Acemoglu and Linn 2004; Finkelstein 2004; Dranove, Garthwaite, and Hermosilla
2014). Our results strongly suggest that the lack of an innovation response likely
stems from at best small changes in expected profits. As a result, the small post-patent
price increases we estimate should not be thought of as a purely positive outcome.

This paper proceeds as follows. In Section I we describe the TRIPS patent reform
and we then describe our data in Section II. Section III describes the Indian phar-
maceutical market before and after the TRIPS reform, and Section IV contains our
estimates of the effects of the reform on a variety of outcomes. The final section
concludes and discusses some implications for future intellectual property reforms
in the developing world.

I. Patent Reform in the Developing World

Under the 1994 agreement on Trade-Related Aspects of Intellectual Property
(TRIPS), member states of the WTO were required to implement minimum levels
of intellectual property protection that far exceeded those in India’s 1970 Patents
Act. Among other features, TRIPS required WTO member nations to provide prod-
uct and process patents in all fields of technology, including pharmaceuticals, with a
minimum patent term of 20 years. Although TRIPS became effective on January 1,
1995, developing countries were granted a transition period of five years to imple-
ment the agreement. Countries such as India that did not provide product patent
protection in any field when TRIPS came into force were granted an additional five
years.” TRIPS provided a large shock to the global patent system with nearly 95 per-
cent of countries having product patent systems by 2005 (LaCroix and Liu 2008).

While the Indian patent system was not established until 2005, beginning in
1995, India was required to introduce a “mailbox” facility that would receive and
hold patent applications. As the mailbox was filled, the government did not provide
a running tally of the number of submissions or a description of their contents.
Therefore, pharmaceutical firms around the world did not know the number or types
of applications submitted for consideration.

Absent other policy interventions, product patents should result in higher prices
and an inefficiently low quantity sold for existing products. This inefficiency could
have particularly large costs in the developing world because changes to the domes-
tic manufacturing industry in more prosperous developing economies can spill over
to other even less developed settings. For example, domestic manufacturers in India
currently provide a large portion of the treatments for the AIDS-infected population
of sub-Saharan Africa (Ahmed and Sharma 2012). If many firms were to stop man-
ufacturing newly patented pharmaceutical products after a patent expansion, this
could have far reaching effects on public health across the developing world.

While most of the attention to patent reforms focuses on the negative effects of
price increases, over a longer time horizon these higher prices are not necessar-
ily inefficient. Monopoly pricing power could provide the appropriate incentives

2When discussing the Indian patent reform, most of the focus naturally falls on the development of product
patents. In reality TRIPS involved other features such as the creation of longer patent terms. Therefore, while we
often refer to the reform as the introduction of product patents (the largest change in the new patent system) our
results should be thought of as the result of this combination of changes.
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for existing or potentially new innovators to make the large fixed cost investments
required to develop (or simply begin selling) new socially beneficial products.
Lacking an ability to recoup their investment, many international firms avoid devel-
oping markets—especially for their most valuable products. Perhaps more concern-
ing, these firms might also shift their research and development efforts away from
treatments for conditions that are more prevalent in countries lacking adequate intel-
lectual property protection. This could create an inefficiently small set of treatments
available at any price for individuals residing in these areas.”

For many reasons, one would not necessarily expect the effect of a patent system
in a developing country such as India to mimic the effect in the United States or
in other industrialized countries. As Sampat (2010) discusses, actually creating a
patent system for an existing market in a developing country requires many ‘“flex-
ibilities” that don’t exist in developed markets or in the many theoretical models
of patents. Given worries about potentially negative effects of intellectual property
protections, TRIPS included relatively broad powers to influence prices.

Under TRIPS, countries retained the right of compulsory licensing, which
enables governments to force a patent holding company to allow generic competi-
tors to produce a protected molecule if the price of the patented product was found
to be unaffordable for most of the nation. In March 2012, India first exercised this
right by requiring Bayer to allow Natco to manufacture and sell Nexavar, a drug
for advanced liver and kidney cancer. In exchange, Natco must pay Bayer a 6 per-
cent royalty and sell a generic version of Nexavar for approximately $176 a month
instead of the $5,600 a month charged by Bayer (Bajaj and Pollack 2012).

In this vein, India also created a regulatory feature, often described as a “grandfa-
ther clause,” which protected the investments made by generic manufacturers. Under
this clause, if a generic firm made a significant investment in products containing a
newly patented molecule before 2005 and continued to manufacture the molecule on
the date of the patent being granted, it cannot be forced to halt production. Instead,
the firm can continue its commercial activity and pay a “reasonable royalty” to the
patent holding firm (Hason and Shimotake 2006). This feature acts as a de facto
compulsory license for existing generic manufacturers.

Beyond these various forms of compulsory licensing, TRIPS also allowed for
explicit price controls. By 2013, India had only used this measure on 74 drugs
(Government of India 2010). In that year, India expanded this to cover nearly
350 drugs (Chowdhury 2013). In 2014, the use of price controls grew and at that
point approximately 6 percent of total sales in the country were affected by price
controls (McLain 2014)."

3This dynamic effect on product development from changes in expected profits is not limited to patents. For
example, Finkelstein (2004) found that policies that increased the use of vaccines resulted in more clinical trials
for these products. However, she finds little change in patenting activity, which suggests that these trials are not the
result of advances in basic science. Similarly, Dranove, Garthwaite, and Hermosilla (2014) found that the expansion
of Medicare Part D increased clinical trial activity but that most of the new products targeted diseases that already
had many existing treatments. Both of these studies suggest that investments in therapeutically innovative products
are not particularly sensitive to policy-induced demand shocks. This may limit some of the welfare benefits of
new patent systems. These effects are not limited to pharmaceuticals, Moser (2005) finds a historical connection
between historical output and intellectual property rights.

“#Given the relatively rare explicit use of price controls throughout our sample period, it should not be surprising
that eliminating molecules covered by the DPCO 1995 has little effect on our main results.
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Under TRIPS, countries were also granted flexibility in determining the standards
for what constitutes an invention that deserves patent protection. India defined pat-
entability standards in Section 3(d) of the Patents Amendment Act of 2005. This
section limits the patentability of chemical entities existing and patented outside of
India as of January 1, 1995 to inventions (e.g., alternative formulations or delivery
systems) that demonstrate significant increased therapeutic efficacy. Mere discover-
ies, such as the fact that an existing molecule can be used to treat a new condition, do
not meet the standard for a newly patentable product. Section 3(d) was an attempt
to halt “evergreening,” i.e., minor changes to existing drugs to extend the life of
existing patents (Mueller 2007).

The Section 3(d) standard of a “significant” increase in efficacy requires patent
officials to judge both a product’s actual efficacy increase and whether this change
was large enough to be deemed significant. Lacking specific criteria in the law, the
Indian Patent Office retains a great deal of latitude and discretion in the approving of
patents that are not for a purely new chemical entity (Mueller 2007). In our results
below, we will separate molecules based on their vintage to determine if this feature
of TRIPS had a meaningful influence on the effect of patents.

The combination of the unknown timing of the mailbox review process and the
unclear patentability requirements created uncertainty about which pharmaceuti-
cals would be granted a patent, and when these grants would occur. For example,
despite the opening of the mailbox on January, 1 2005, the first pharmaceutical pat-
ent product was not granted for more than a year later for Roche’s Hepatitis C drug
Pegasys (Greene 2007). Recent litigation concerning Pegasys and other molecules
demonstrates further uncertainty regarding the likelihood of patents being granted
and/or upheld in the face of post-grant oppositions. In November 2012, Pegasys
gained the unique distinction of being the first pharmaceutical product patent to lose
a post-grant opposition hearing before the Intellectual Property Appellate Board
(Ahmed 2012).7

Uncertainty over patent decisions was not limited to whether the Indian Patent
Office would be too rigid in its interpretations. Many molecules that seemingly did
not exceed the stringent 3(d) requirement received patents. Based on aggregate data
on pharmaceutical patent applications and grants in India, Sampat (2010) argued
that the standards of patentability, however high, are often ignored and not imple-
mented in practice. Similarly, Chaudhuri, Park, and Gopakumar (2010) conducted a
title search of patent applications and found a large number that had indications of
only changes in the delivery mechanism—which was not intended to be a patentable
innovation under the inventiveness criteria of Section 3(d).

The unpredictable nature of the timing and likelihood of a patent grant made it
difficult, if not impossible, for firms and consumers to adjust their behavior prior
to a determination by the Indian Patent Office. This has important implications for

STn another highly publicized controversy, the Swiss pharmaceutical company Novartis has challenged the
patent denial for its anti-cancer medication Glivec: a modification of an older compound first patented in the United
States in 1993 (Kurzius 2013). Novartis claims its invention makes it 30 percent easier for the body to absorb the
original compound and points out that Glivec received patent protection in over 40 countries. However, India ruled
that the product was simply an incremental innovation with no improvement in efficacy and denied patent protec-
tion. In April 2013, the Indian Supreme Court rejected Novartis” claims for patent protection (Harris and Thomas
2013). Several other foreign firms including Gilead Sciences and Roche are fighting similarly unfavorable patent
decisions for drugs aimed at treating HIV and cancer (Ahmed and Sharma 2012).
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our identification assumption that the granting of a patent represents a plausibly
exogenous shock to customers and producers. And given our longitudinal sales data,
which we describe in more detail below, we can control for preexisting differences
in levels or trends for prices and other outcome variables of interest.

II. Pharmaceutical Sales and Patent Data

The main data for this project come from two primary sources. Sales data on the
Indian market were obtained from IMS Health, Inc. the premier source of pharma-
ceutical sales data in the world. Comparable data for the United States has been used
to explore the effect of policy interventions such as Medicare Part D on pharmaceu-
tical prices and utilization (Duggan and Scott Morton 2011). Our patent data were
obtained through a partnership with Origiin IP Solutions, an Indian IP search firm.

A. Pharmaceutical Sales Data

Our, retail sales data were obtained from the IMS MIDAS dataset (hereafter,
IMS).? IMS collects Indian retail pharmaceutical sales data through the Stockist
Secondary Audit; a sample of approximately 5,100 Indian stockists that covers
between 80 and 85 percent of the pharmaceutical market. We obtained quarterly
data on all single molecule pharmaceutical products sold in a retail setting from the
first quarter of 2003 through the second quarter of 2012.” In the first quarter of 2003,
there are approximately 6,300 products that have positive sales. This increases to
approximately 10,000 products in the first quarter of 2006 and nearly 12,000 prod-
ucts in the last quarter of 2011. This change comes both from an increase in the
number of molecules and the number of products per molecule. In 2003 there were
nearly 7.4 products per molecule while in 2012 this number increased to just over
9 products per molecule.

Online Appendix Figure 1 contains the percentage of molecules in the IMS data
with positive sales by quarter. In general, the number of molecules with positive
sales in the market increased smoothly over time. However, between the last quarter
of 2003 and the first quarter of 2004 there is a nearly 10 percentage point increase
in the number of products with nonzero sales. This is by far the largest increase over
the sample period. This appears to be a function of the creation of the IMS data and
not an actual reflection of the Indian market. Therefore, in our empirical results
we exclude data before this discontinuous jump in products and create a sample
that starts when 90 percent of products have positive sales, i.e., the second quarter
of 2004.% In addition, since we are not explicitly modeling the effect of patents on
the entry of new products, we limit the sample to molecules that had positive sales
one year prior to the issuing of the first patent, i.e., the first quarter of 2005. It is
worth noting, however, that an examination of our data reveals that the rate of new

SIMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

7IMS also collects data on sales at hospitals. According to IMS data, in the average quarter these sales only
amount to approximately 10 percent of India’s single molecule market.

8 We also do not include data for the first two quarters of 2012 in our analyses because the sales data for that year
are incomplete (we acquired the pharmaceutical sales data in the Fall of 2012).
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molecule introduction in the Indian market did not increase after 2005 (see online
Appendix Figure 1).”

While we do not have data for products containing combinations of molecules,
the single molecule products in our sample comprise over half of the sales in the
Indian market throughout the time period of our sample.'Y Our sample contains
manufacturer-product-level data for each quarter on the quantity sold and average
price paid. The prices in these data are calculated by IMS and they represent the
average price per standard unit.'’ IMS also provides data on the main and subthera-
peutic category for the product. Many molecules are sold by a very large number of
firms and under many different product names. For example in 2006, Atoravastatin
(Lipitor) was sold by 67 firms. Additionally, many molecules fall into multiple sub-
therapeutic categories, with IMS tracking the sales for each use. In constructing our
sample we drop observations that are diagnostic agents (and thus not drugs) or that
cannot be assigned to a therapeutic category, with these two categories accounting
for just 1.8 percent of sales in the first quarter of 2005.

The IMS data also contains information on the first date when the product was
sold in the Indian market. Given that the Indian patent law was intended to only pro-
vide patents for new innovations after 1995, we use this product launch data to split
our sample of molecules based on the first time a product containing that molecule
was sold in the Indian market. In our final sample, approximately 60 percent of the
molecules were first sold in India after 1995.

B. Indian Patent Data

While IMS data contain detailed information on prices, quantities, and the dis-
tribution of sales across firms, there is no systematic information on Indian patent
coverage accompanying these data or that is readily available from another source.
Given this lack of an available patent data source that can be systematically linked to
our molecule-quarter level sales data, we contracted with Origiin IP Solutions, LLC
(hereafter, Origiin) an intellectual property firm located in Bangalore, India to com-
pile a dataset of all granted patents linked to the molecules in the IMS sales data.
Implementing a methodology developed by Origiin, the firm’s patent attorneys and
employees conducted broad and exhaustive keyword searches in the Indian Patent
Database using inputs such as the molecule name, other names of the molecule, the
International Union of Pure and Applied Chemistry (IUPAC) name, technological

9We define molecule introduction as the first quarter with strictly positive sales in our data. Online Appendix
Figure 1 shows a fairly smooth increase in the number of molecules with positive sales. This is broadly consistent
with Kyle and McGahan (2012) and others cited above. Of course, one could argue that all of our data is actually
post-reform, as the TRIPS changes were made in 1995, though evidence from Lanjouw and Cockburn (2001) sug-
gests little effect during this earlier period as well.

19From 2003-2011 the share of all Indian pharmaceutical sales accounted for by single molecule projects
decreases from approximately 58 percent to 53 percent.

1T A standard unit is defined by IMS as “[t}he number of standard ‘dose’ units sold. It is determined by taking the
number of counting units sold divided by the standard unit factor which is the smallest common dose of a product
form as defined by IMS HEALTH. For example, for oral solid forms the standard unit factor is one tablet or capsule
whereas for syrup forms the standard unit factor is one teaspoon (5 ml) and injectable forms it is one ampoule or
vial. Standard units should be used when the packs or products being compared are different in form” (IMS 2006).
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FIGURE 3. MOLECULE SALES BY PATENT STATUS

Source: IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

classification, and therapeutic indications.'? Given these data are based on a key-
word search of granted patents, it is possible that this method inaccurately links
some patents to molecules where the product is listed in the patent grant but is not
actually the patented product. To address this potential measurement error issue,
we perform two sets of sensitivity analyses on subsets of molecules that we discuss
further below.

Patents were first granted in India in 2006 and then there was a relatively smooth
increase in the percentage of molecules covered by at least one patent. In our sam-
ple, approximately one-third of the molecules are covered by a patent before the end
of our study period. Molecules that received a patent during our study period had
higher average sales just prior to the reform in the first quarter of 2005 ($1.12 mil-
lion versus $0.26 million) and were produced by more firms in that quarter as well
(14.3 versus 4.6).depicts quarterly revenues in the Indian pharmaceutical
market by the single molecule patent status. Prior to 2006, there were no sales for
patented molecules. In subsequent years, the revenues for drugs covered by phar-
maceutical patents swiftly increased. By 2009, there were more sales for products
containing molecules covered by a patent than for all other products combined.
Before that date, increased patented sales were primarily matched by lost sales
from the unpatented molecule category. However, following that date the sales of
non-patented molecules stabilized and actually increased but the sales of patented
drugs increased more rapidly.

12 A large number of the patents uncovered in this keyword search were for combinations of molecules. Given
we only have single molecule product retail sales data, Origiin separated out those patents which pertained to prod-
ucts containing only a single molecule.
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A limitation of our patent data is that they do not contain the systematic infor-
mation on originating firms that would be necessary for us to reliably connect the
patent data to specific products and firms in the IMS data. One reason for this is
that firms are able to license their patents and intellectual property to other firms to
manufacture and sell the patented product. As a result, the firm receiving a patent
in India is very often not one of the firms listed by IMS as a manufacturer in the
Indian retail market. There is no source of data that systematically catalogs these
commercial relationships. Therefore, we link the patent data to the sales data at
the molecule rather than at the molecule-product or molecule-firm level. The most
practical implication of this data limitation is that we cannot estimate the increased
sales an originating firm gains after receiving patent protection. As a proxy for this,
we estimate changes in molecule level sales concentration. If sales are shifted to
the originating firms after a patent grant, then the sales for products containing the
newly patented molecule should become more concentrated.

Another limitation of our data is that we do not have precise information about
the strength of each patent. Hemphill and Sampat (2011) argue that a product patent
claiming the active ingredient—basic patents that cover only the drug compound—
are generally the strongest and will most likely prevent any sale of the same mole-
cule by new entrants. These patents are most similar to the original patents granted
for compounds in the United States. In contrast, patents for a particular formulation
(or chemical variants) such as a sustained release version of the drug may not mean-
ingfully exclude generic entry since a local manufacturer may be able to employ a
different, noninfringing mechanism for accomplishing the sustained release of the
drug. In long standing product patent markets this is less of a concern because the
firms holding incremental innovation patents often hold the original patent on the
base molecule.

If a large number of the single molecule patents granted by India are of the rel-
atively weak variety discussed above, our estimates may understate the true effect
of strong patents in India. Similarly, if there is some degree of measurement error
in our patent variable for the full sample that results from the keyword search pro-
cess, we may also underestimate the actual effect of TRIPS on the Indian market.
Therefore, we supplement our main estimates in two ways. First, we split our sam-
ple based on whether a product containing that molecule was sold in India prior to
1995."3 Absent innovations that create a significant increase in therapeutic efficacy,
these molecules should not qualify for product patents in India and the product
patents that exist for these molecules should be substantially weaker than those for
newer products.' In our analysis below, we examine differences in the effects of
patent grants based on whether the product was sold in India prior to 1995. Given
the structure of the Indian patent law, we would expect to find larger effects for
products first sold after 1995.

13 While the restriction on patenting in the TRIPS law was based on the priority year (i.e., the first year of pat-
enting in any setting), we use the year of first sale in India as an upper bound of this date. If the priority year were
actually earlier, then we would classify patents as strong when in fact they were weaker than would appear. This
would create a downward bias in our estimates. We are able to reliably identify the priority year for a subsample of
the molecules in our data. We present results in an online Appendix from this subsample of molecules.

14Online Appendix Figure 2 contains the percentage of molecules with a patent based on the product launch
date. Despite the intention of the Indian patent law, the variation in the timing of patent grants is remarkably similar
across these two groups of products.
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We also recognize that innovations approved for sale outside of India (i.e., in the
United States or Western Europe) after the signing of TRIPS may have a greater
potential for affecting welfare than products that were not marketed in these coun-
tries. On the one hand, these products likely offer greater commercial opportuni-
ties to originating firms. However, large price increases for these products may be
more likely to attract the attention of regulators, and as a result firms may be more
hesitant to exercise the pricing power conferred by even a strong patent. Sampat,
Shadlen, and Amin (2012) gathered data on the patent applications submitted in
India for molecules that were approved for sale in the United States between 1996
and 2004."3 We supplement our main analyses with specifications that focus on this
sample of molecules.

In total, the authors identify 220 Indian patent applications associated with 70
of the 159 drugs that were approved in the United States over this time period.'¢ In
these data there are 75 granted patents for 44 distinct ingredients and 79 pending
applications for 44 distinct ingredients. There is some overlap between these cate-
gories, which results in 44 products with a patent and 21 products that have a patent
pending but have not yet been granted a patent. Not all of these products, however,
are in our single molecule retail sales data. Ultimately, from these data on molecules
approved in the United States from 1996 through 2004, we identify IMS single mol-
ecules sales data for 27 distinct molecules with at least one granted Indian product
patent, 19 distinct molecules with a pending Indian patent decision (and no other
granted patents), and 10 molecules that had their patent applications denied that are
included in our retail sales sample. Analyses with these molecules have the advan-
tage of estimating our effects of interest with a more comparable analysis sample but
the disadvantage of less precision.!”

III. The Indian Pharmaceutical Market before and after TRIPS Reform

Despite its large population, the Indian pharmaceutical market remains relatively
small in terms of global sales. In 2012, IMS estimated that sales in the Indian mar-
ket were approximately $14.3 billion (less than $12 per capita). By comparison, in
2012 sales in the United States market were approximately $322 billion (more than
$1,000 per capita). From 2007 to 2011 the Indian market grew at an annual rate
of 15.3 percent compared to only 3.7 percent growth in the United States. Future

!5 Details on these patent data were provided in supplementary materials to Sampat, Shadlen, and Amin (2012),
http://www.sciencemag.org/content/suppl/2012/07/03/science.1224892.DCI1.

16Sampat, Shadlen, and Amin (2012) gathered information as of March 2012 on whether these patents were
granted, denied, withdrawn, or the decision is still pending. Of the 220 applications, 75 were granted, 36 were
withdrawn, 27 were rejected, and 82 were still pending. Each drug can, and often does, receive multiple patents.
Comparing these patent data to the aggregate data provided by Origiin we note that 80 percent of these patents were
included in the Origiin data. To provide a comprehensive list of patents, the patent sample used for our final analysis
is a combination of our patent data and the data identified in Sampat, Shadlen, and Amin (2012).

7 Online Appendix Figure 3 contains the distribution of patents over time within this sample of molecules.
Even among this relatively small sample, there is meaningful variation in the timing of patent grants. There are no
patents granted until the first quarter of 2007, and then the percentage of molecules with at least one patent smoothly
increases until it peaks at approximately 60 percent in the second quarter of 2010. It is important to note that since
these are more recently developed products, they appear to systematically enter the Indian market at later dates than
the full sample. Given that the first patent in this sample is not issued until a year after the first patent in the main
sample, we limit this sample to products with positive sales in the first quarter of 2006. This creates a generally
comparable sample to the one used for the main estimates.


http://www.sciencemag.org/content/suppl/2012/07/03/science.1224892.DC1

VOL. 106 NO. 1 DUGGAN ET AL.: MARKET IMPACTS OF PHARMACEUTICAL PRODUCT PATENTS 113

TABLE 1—DISTRIBUTION OF MOLECULES IN THE INDIAN MARKET BY NUMBER OF MANUFACTURERS,

2006 AND 2011
Panel A. 2006 Panel B. 2011

Percent of Percent of
Number of Percent of sales weighted Percent of sales weighted
Manufacturers molecules molecules molecules molecules
1 32.1 24 30.1 2.3
2 11.5 1.9 13.2 2.0
3 10.3 2.7 9.9 2.6
4 7.4 33 74 3.0
5-9 15.9 10.8 14.7 8.1
10-19 11.8 17.0 12.8 17.9
20-29 4.4 10.7 52 13.9
30-39 1.4 6.2 2.5 9.8
40-49 2.1 12.1 1.1 7.1
50-74 1.9 17.4 1.7 15.4
75-99 0.8 6.4 0.7 9.7
100+ 0.5 9.3 0.6 8.2

Source: IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

growth for both markets is expected to be roughly consistent with these trends (IMS
2012). This rapid growth in India compared to growth in more developed markets is
one reason that, despite its relatively small size, foreign firms have become increas-
ingly interested in obtaining stronger intellectual property protections in that market.

India’s modern pharmaceutical industry was primarily shaped by the Patents Act
of 1970, which allowed patent protection only for a new method or process of man-
ufacture and not for the product itself.'8 This granted patent protection to slight
modifications in the synthesis of a molecule and essentially allowed several firms
to legally produce and sell the same product in the Indian market. This resulted in
a robust domestic manufacturing industry for pharmaceuticals effectively based on
the reverse engineering of internationally patented products. Perhaps in an attempt
to protect intellectual property, many international firms often entirely abstain from
participating in India’s domestic market with their most valuable products.

Given the historic lack of a product patent system and the relatively developed
domestic pharmaceutical manufacturing sector, the Indian pharmaceutical market
prior to patent reform had few similarities with the more traditional markets of the
United States or Western Europe. Perhaps the most immediate difference is the
sheer number of Indian firms that were manufacturing products containing the same
molecules. Panel A of contains a breakdown of molecules by the number
of firms producing single molecule products containing that compound during the
first quarter of 2006. The average molecule has 8.6 firms selling a single molecule
product, 68 percent of molecules have more than 1 firm, and 39 percent of molecules
have 5 or more firms manufacturing single molecule products with the molecule.
Column 2 contains the number of firms weighted by the value of sales. This shows

'8 The Indian Patents Act (1970), which replaced the inherited British colonial law regarding intellectual prop-
erty rights, specifically excluded pharmaceutical product patents and only admitted process patents for a period of
seven years (http://ipindia.nic.in/ipr/patent/patent_Act_1970_28012013_book.pdf, accessed November 1, 2015).
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TABLE 2—DISTRIBUTION OF FIRM MOLECULE CONCENTRATION BY MOLECULE SALES LEVEL

Panel A. 2006 Panel B. 2011

Number of Average firms Number of Average firms
Molecule sales molecules per molecule molecules per molecule
<$100k 344 1.5 352 1.6
$100-$249k 136 2.9 135 23
$250-$499k 145 4.1 142 3.0
$500k—$999k 119 4.8 141 39
$1.00 million—$2.49 million 157 7.6 178 6.6
$2.50 million-$4.99 million 110 12.7 128 11.0
$5.00 million—$9.99 million 82 20.9 118 16.2
$10 million+ 68 553 132 40.1

Source: IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

an even more disperse industry with 90 percent of (sales-weighted) molecules being
produced by 5 or more firms.

This pattern is similar for the highest grossing products. Panel A of con-
tains the average number of firms selling single molecule products in the first quarter
of 2006 by the total molecule sales. In the United States the highest grossing drugs
are generally produced by a single firm holding the patent. However, the 68 mol-
ecules with 2006 sales greater than $10 million have an average of 55 firms with
nonzero sales. The 82 molecules with sales between $5 million and $9.99 million
have an average of 21 firms selling single molecule products. As would generally be
consistent in a market with free entry to production, the average number of firms pro-
ducing a molecule is monotonically increasing in the annual revenue of the molecule.

To more clearly see the distinction between the global and Indian markets, con-
sider the descriptive statistics for the top 15 selling drugs for each market in 2006
contained inand [3B. Several facts are immediately apparent. First, the
sheer size of the global market relative to India’s is clear. Despite India containing
more than one-sixth of the world population, pharmaceutical sales across the globe
range from 100 to 2,200 times the value in the Indian market among products sold
in both markets. Second, there is very little overlap in terms of the highest grossing
drugs in each of the two markets; only 1 of the top 15 highest grossing drugs in
the world are among the top 15 grossing drugs in the Indian market. Third, the top
selling drugs in the world are covered by patents and therefore sold by only one or
at most two firms. In the Indian market there is an average of 23 firms making each
of the 15 products with the highest global sales, and an average of 89 firms mak-
ing each of the top 15 drugs with the highest sales in India. Interestingly, only 7 of
the 15 firms holding the patent for the highest grossing products in the world are
reported in the IMS data as selling these drugs in the Indian market. Even for those
firms, their share of drug sales in India does not exceed 50 percent.

IV. The Effect of Patent Reform in the Indian Pharmaceutical Market

The characteristics of the Indian pharmaceutical market summarized above sug-
gest it was a setting in which introducing a TRIPS compliant patent reform could
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TABLE 3A—ToP 15 HIGHEST GROSSING DRUGS IN GLOBAL MARKET, 2006

Total global Total Indian Number of
sales 2006 sales, 2006 manufacturers
Rank  Active ingredient (thousands US$) (thousands US$) (India, 2006)
1 Atorvastatin 14,385,000 48,000 67
2 Fluticasone/Salmeterol 6,129,000 6,200 12
3 Clopidogrel 6,057,000 14,202 37
4 Esomeprazole 5,182,000 6,600 21
5 Amlodipine 4,866,000 32,000 58
6 Infliximab 4,428,000 0 0
7 Etanercept 4,379,000 0 0
8 Olanzapine 4,363,600 6,500 27
9 Valsartan 4,223,000 2,100 4
10 Risperidone 4,183,000 2,200 21
11 Darbepoetin alfa 4,121,000 0 0
12 Rituximab 3,861,000 0 0
13 Venlafaxine 3,722,100 1,600 11
14 Pantoprazole 3,621,000 33,400 76
15 Montelukast 3,579,000 6,500 11

Sources: Indian sales data sourced from IMS AG MIDAS™, 2003-2011, IMS Health
Incorporated. All rights reserved. Global sales data are sourced from MedAd News.

TABLE 3B—TopP 15 HIGHEST GROSSING DRUGS IN INDIAN MARKET, 2006

Total Indian sales, Number of manufacturers
Active ingredient 2006 (thousands US$) (India 2006)
1 Ciprofloxacin 69,200 145
2 Cefixime 68,300 73
3 Ceftriaxone 66,200 67
4 Ofloxacin 56,700 132
5 Amoxicillin 49,900 122
6 Atorvastatin 48,300 67
7 Diclofenac 44,800 114
8 Ranitidine 43,300 69
9 Cefalexin 40,800 59
10 Paracetamol 39,900 112
11 Azithromycin 37,900 59
12 Cefotaxime 36,900 48
13 Cefpodoxime Proxetil 36,800 49
14 Cefadroxil 35,400 91
15 Nimesulide 33,600 125

Source: Indian sales data sourced from IMS AG MIDAS™, 2003-201 1, IMS Health Incorporated.
All rights reserved.

potentially generate very large changes, especially if there were no price controlling
regulatory features. In this section, we explore the effect of increased patent protec-
tion on average prices, total quantity, and other outcome variables of interest.

A. Average Prices

If the large price increases that some predicted following the adoption of TRIPS
were realized, they should be evident in the aggregate data. contains the

twenty-fifth, fiftieth, and seventy-fifth percentile of prices (per daily dose) in the
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Source: IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

Indian market from 2003-2012. Over this time period prices are smoothly rising.”
These aggregate data suggest that any changes in prices following a patent are on
average likely to be small, though changes in the composition of molecules sold
over time could obscure important changes. We more formally investigate the effect
of patent grants on our outcome variables of interest using our longitudinal sales
data and estimating specifications of the following type:

(1) Y., = a, + 0; + \-t-I{EverPatent}, + [3-I{HasPatent},; + &,y.

In this equation, m indexes molecules and ¢ indexes quarters. We include a full set
of molecule fixed effects («,,) to control for the substantial heterogeneity across
products with respect to both average prices and quantities. We additionally con-
trol for a full set of year*quarter (¢,) fixed effects and a separate time trend for
molecules that receive a single molecule patent at some point in our sample. The
variable I{HasPatent},, is an indicator variable that equals one during the quarters
in which the molecule is covered by at least one single molecule patent and is other-
wise zero.” Across our specifications we condition inclusion in the sample on there
being at least one firm making the molecule.*"

19There is one noticeable drop across the entire price distribution in 2008. This appears to be the result of a
change in the excise tax treatment of pharmaceuticals that was expected to decrease prices by 5 to 7 percent (Taylor
2008). Online Appendix Figure 4 contains the median log price by whether a molecule ever receives a patent in our
sample. Products containing molecules that eventually receive patent protection had lower prices per standard unit
than those that are never patented but the two groups follow a very similar increasing trend over our sample period.
Additionally, both sets of molecules experience the same dip in 2008.

2This variable equals 1 during the first quarter the molecule is covered by a single patent. If the molecule
receives additional patents in subsequent quarters, this variable remains as a simple indicator variable.

21'We find no evidence that patent introduction affects the probability that a molecule has zero sales. Also, our
results are qualitatively similar if we include these observations. For example, in our quantity specifications, if we
set quantity to 1 (and thus the log of quantity to 0), our point estimates are very similar.
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TABLE 4—EFFECT OF INDIAN PATENT REFORM ON PRICES AND QUANTITY SOLD

Panel A. log price Panel B. log quantity
) 2 ®3) 4) 5) (6) ™ (8)
Ever Patent x QuarterTrend —0.001 —0.001 0.008 0.009
(0.002) (0.002) (0.004) (0.0044)
[0.458] [0.450] [0.059] [0.039]
Has Patent 0.027 0.016 0.010 —0.014 —0.054 —0.032 0.005  —0.007
(0.013) (0.013) (0.024)  (0.012) (0.036) (0.035) (0.07) (0.034)
[0.034] [0.201] [0.681] [0.237] [0.136] [0.352] [0.947]  [0.834]
Has Patent x Post95 0.029 0.049 —0.102  —0.045
(0.036)  (0.022) (0.112)  (0.062)
[0.424] [0.031] [0.360]  [0.47]
Observations 29,845 10,264 29,845 10,264 29,853 10,264 29,853 10,264
Molecules 1,012 335 1,012 335 1,012 335 1,012 335
R? 0.984 0.981 0.984 0.982 0.938 0.952 0.939 0.952
Only single patent No Yes No Yes No Yes No Yes
molecules
Mean of dependent —1.987 —2.178 —1.987 —2.178 13.07 15.07 13.07 15.07
variable

Notes: Entries in the table represent the estimated coefficients from an OLS regression including molecule and
quarter of the year fixed effects. Standard errors are reported in parentheses and allow for arbitrary correlation
between observations at the molecule level. p-values are reported in brackets. The estimates in columns 2, 4, and
6 are for a sample containing only molecules that receive a single molecule patent at some point during the sam-
ple period. These estimates are based on data from IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All
rights reserved.

Panel A ofcontains the estimates for specifications in which the log of
average price per unit is the outcome variable of interest. Column 1 contains the esti-
mates from the full sample of molecules and indicates that single molecule patents
raise average molecule-level prices per unit by approximately 2.7 percent. This esti-
mate is statistically significant ( p-value < 0.05) and the upper bound of the 95 per-
cent confidence interval rules out patent-related average price increases of greater
than 5.3 percent.

Our primary identifying assumption is that the timing of patents being granted
was orthogonal to other events that might also have affected the market outcomes
of newly patented products.” We include both molecules that received a patent and
those that did not receive a patent during our study period, and allow those mole-
cules eventually receiving a patent to follow a different linear time trend. We there-
fore exploit the differential timing of the patent grants by the Indian patent office to
estimate (3, our primary parameter of interest. We test the validity of this assumption
by estimating the following event-study specification:

8+
(2) Yoo = om + 0+ Z wy - I{k quarters since patent},,, + v,
f=—8+

22There could be a concern that firms may have some knowledge of the likely date of a patent decision and
could alter their entry or pricing strategies in response. In order to examine this point further we generated a set of
results for a sample of products whose first patent application was included in the “mailbox facility.” Firms likely
had far less information about the timing of patents for this large mass of applications. For our main specification
the full sample estimate (standard error) is 0.027 (0.013) and the estimate (standard error) for the mailbox appli-
cation same is 0.025 (0.012). This suggests that our main estimates are not driven by firms knowing the timing of
patent decisions.
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in which I{k quarters since patent},, is an indicator variable for the number of
quarters before and after a patent is granted. The results from this specification shed
light on whether there are differential trends in the quarters leading up to patent
introduction and how any post patent effects evolve over time.

Figure 1 contains the estimates from this event-study specification with a
dependent variable equal to the log of the average price per unit. These estimates
provide strong support for product patents causing an immediate and statistically
significant increase in drug prices that is ultimately relatively small in magnitude.
Prior to a patent grant, the estimated coefficients are nearly indistinguishable from
zero and stable. However, in the quarter after a patent is granted there is a sudden
and persistent jump in the average price. These estimates demonstrate that the
post-patent average price increase peaks at approximately 4 percent, with an upper
bound to the confidence interval of approximately 9 percent.

Beyond differential trends, there could be a concern that molecules never
receiving a single molecule patent, which compose a portion of the comparison
group in any period for our main sample, would be affected differentially by
other secular events in the marketplace. To address this potential concern, we
supplement our main estimates with those from a sample that only includes mol-
ecules that eventually receive a single molecule patent during our sample period,
and therefore in this sample we only exploit variation in the timing of the patent
dates. This is a far more demanding test of the data since many of the patents are
granted in a relatively small number of quarters and this sample contains a much
smaller set of molecules (335 versus 1,012 in the full sample). Column 2 contains
the estimated change in average prices for the sample containing only molecules
that receive patent protection at some point. The point estimate for our parameter
of interest declines by approximately one-third (to 0.016) and is no longer sta-
tistically distinguishable from either zero or the main estimate. Taken together,
these estimates suggest at most a small effect on average prices from the Indian
patent reform.

Given the large number of patents in our dataset, there is undoubtedly economi-
cally meaningful heterogeneity in the strength of the patent and the relative impor-
tance of the product in the Indian market. Lacking a systematic means of classifying
the expected strength of each patent, we next make two attempts based on the age
of patented molecules and whether the product was approved for sale in the United
States after the signing of TRIPS.

We first examine differences based on the vintage of the molecule. As dis-
cussed above, the product patent system in India was intended to provide intel-
lectual property protection for new innovations as of January 1, 1995. The only
way for molecules invented before that point to receive a patent would be through
improved therapeutic efficacy rather than simply a new use for an existing mole-
cule. However, as documented in Chaudhuri, Park, and Gopakumar (2010), many
patents have been granted for “innovations” that are meant to be explicitly not pat-
entable in India. It is likely that if these patents were legally challenged they would
not be upheld. Given this fact, patents granted for products that existed before 1995
are on average likely to have smaller effects on prices than patents for products
containing newer molecules.
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Figure 2 contains the event study estimates for two samples of molecules based
on whether the molecule was first available in India before or after 1995.* Prior to
the issuing of a patent, both sets of molecules follow a generally similar flat trend.
However, after a patent is issued there is an immediate jump in the prices for mole-
cules first sold after 1995. Consistent with our hypothesis that patents are weaker for
older drugs, there was no noticeable change in the prices resulting from the patents
for molecules first sold prior to 1995. To investigate the statistical significance of
these differences, we estimate the following triple difference specification based on
the date of first sale:

(3) Y, = o, + 6, + \-t-I{EverPatent},, + 0, I{Post95Launch},,
+ n, - [{HasPatent},+ 1, - [{HasPatent},,, - I{Post95Launch},, + €,

in which I{Post95Launch},, is an indicator variable equal to one if there was no
product sold in the Indian market containing molecule m prior to 1995 and all
other variables are defined as in equation (1). The coefficient of interest is 7, which
represents the change in the dependent variable (e.g., log of average price, log of
quantity, or sales concentration) after a patent for molecules released after 1995
compared to patented molecules released before that date.

Columns 3 and 4 of Table 4 contain the estimates from equation (3) for the full
sample of products and for the sample of only patented molecules, respectively. The
estimated effect for 7, for the full sample is similar in magnitude to the estimate in
column 1 but is not statistically significant. The estimate for 7, using the sample of
only patented molecules shows a statistically significant 4.9 percent average price
increase—relative to the effect for pre-1995 molecules—following a patent.” The
upper bound of the 95 percent confidence internal rules out an increase greater than
9.3 percent. In addition, the statistically insignificant point estimate of —0.014 for
1, suggests little impact on prices for pre-1995 molecules.?

One potential concern with our division of molecules based on the year of first
sale in India is that this event, almost by definition, occurred after the molecule’s
priority year, i.e., the date that determines patentability under the reform. To the
extent this is true, it would bias against our finding a difference in the preceding
analyses as it would incorrectly label some pre-1995 molecules as post-1995 (and
thus the post-1995 effect would be biased down). To explore this issue further, we
supplement our main results with those based on the molecule priority year.

23 As discussed above, we use this date of first sale as an upper bound estimate of the priority year, i.e., a mole-
cule would not likely be sold in the Indian market before it was patented somewhere in the world.

241f we instead interact the I(HasPatent) variable with a pre-1995 indicator, so that the main effect estimate
represents the average price for the newer molecules, the point estimate of 0.035 is statistically significant with a
p-value of 0.069.

25There could be a concern, that the statistically significant price increase for molecules first sold in India
after 1995 simply reflects differences in the market for newer drugs compared to older products. For example, if
newer drugs are more effective and have fewer substitutes the relative inelasticity of their demand may allow firms
acquiring a patent to raise prices higher than for older molecules with more elastic demand. To investigate this
point, we estimated similar specification to equation (2) with indicator variables for being a post-2000 drug and
a sample composed of only post-1995 molecules. The estimated coefficient on the interaction term was small and
not statistically significant, suggesting that these results are not simply a reflection of firms responding to newer
molecules having less elastic demand.
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We were able to reliably match the priority year for approximately one-third of
the products in our single molecule sample. Online Appendix Figure 5 contains the
event-study coefficients for this subsample of molecules based on whether the prior-
ity year is before or after 1995. These estimates show a qualitatively similar pattern
to the sample using the first year of sale in Figure 2. While the pattern of estimates is
similar, the magnitude in the post-1995 priority year sample is generally larger than
in the post-1995 first year of sale sample in Figure 2. However, given the relatively
small number of molecules that we identify with a post-1995 priority year, these
estimates are quite imprecise. Column 1 of online Appendix Table 1 contains the
estimates for a DD specification for the full sample of molecules for which we have
a priority year. Column 2 further restricts to molecules from this set that receive a
patent at some point during our study period. The estimates from these two speci-
fications show a statistically significant price increase of approximately 4 percent.

The large difference in the post-patent event study coefficients by priority year
in online Appendix Figure 5 suggests a larger effect for molecules with a post-
1995 priority year. To examine the magnitude and statistical significance of these
differences, we estimate a specification of equation (3) based on the priority year
rather than the first sales year. For comparison purposes, columns 3 and 4 of online
Appendix Table 1 contain estimates for equation (3) based on the first year of sale
for the sample of molecules with a reliably matched priority year. Columns 5 and 6
contain DDD estimates based on the priority year being before or after 1995. While
the estimated coefficients are statistically insignificant, they are generally similar in
magnitude to the estimates based on the year of first sale. In addition, even though
these estimates are imprecise, they rule out post-patent price increases of more than
23 percent for molecules with a post-1995 priority year. While these are somewhat
larger than the estimated price increases using the first year of sale, they are still
substantially less than what would be predicted for a textbook product patent sys-
tem. Taken together, the priority year estimates show that the year of first sale is a
reasonable proxy for differences in patent strength based on molecule vintage.

To further address concerns regarding heterogeneity in the strength of patents or
the importance of the patented molecules in the Indian market, we next examine the
subset of patent applications identified in Sampat, Shadlen, and Amin (2012). These
data include molecules that were approved for sale in the United States between
1996 and 2004. These products are (i) patented by foreign firms and (ii) more likely
to represent the types of products that will qualify for strong patents in the coming
years. As discussed above, this sample contains molecules which receive patents,
those that were denied patents, and those whose patent decision is still pending. We
construct two samples of molecules with alternative comparison groups: (i) those
that have received patents and those that have had no patent decisions to date, and
(ii) those that have received patents and those that have had their applications denied.

Columns 1 and 2 of contain the estimates for the effect on log price in
the sample of molecules previously approved for sale in the United States. The first
column contains the estimates for a sample containing molecules that were either
granted a patent or still had a patent decision pending. The point estimate of 0.061
suggests an approximately 6 percent increase that is statistically significant with a
p-value of 0.05. There could be a concern that the molecules in this sample that are
still waiting for their first patent decision could be quite different from those that
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TABLE 5—EFFECT OF INDIAN PATENT REFORM ON LOG PRICES
SAMPLE OF FDA APPROVED PRODUCTS

(1) 2 3) (4)

Ever Patent X QuarterTrend 0.003 0.004 0.003 0.004
(0.005) (0.006) (0.005) (0.000)
[0.559] [0.541] [0.559] [0.542]
Has Patent 0.061 0.062 0.059 0.060
(0.029) (0.030) (0.030) (0.031)
[0.045] [0.047) [0.058] [0.061]
Has Strict Patent 0.025 0.025
(0.059) (0.059)
[0.671] [0.670]
Observations 1,236 994 1,236 994
Molecules 46 37 46 37
R? 0.991 0.987 0.991 0.898
Mean of dependent variable -1.45 -1.54 -1.45 -1.54
Include rejected patents No Yes No Yes
Include pending patents Yes No Yes No

Notes: Entries in the table represent the estimated coefficients from an OLS regression including molecule and
quarter of the year fixed effects. Standard errors are reported in parentheses and allow for arbitrary correlation
between observations at the molecule level. p-values are reported in brackets. The estimates in columns 1, 3, 5, and
7 are for a sample containing only molecules that have received a patent or have a pending patent application as of
2012. The estimates in columns 2, 4, 6, and 8 are for a sample containing only molecules that have received a patent
or had a patent application rejected. These estimates are based on data from IMS AG MIDAS™, 2003-2011, IMS
Health Incorporated. All rights reserved.

have received patents. For example, they likely applied for their patents at later
dates. To address this concern, Column 2 contains estimates from a sample com-
posed of molecules that received patents and those that had their patent denied (pri-
marily as a function of section 3(d) of the Indian patent law). For the sample with a
smaller comparison group composed of molecules with rejected patent applications,
the estimate is quite similar in magnitude and precision.

Even among this group of molecules with recently approved patents, there is
likely to be some variation in the expected strength of the patent. Using data pro-
vided by the authors of Sampat, Shadlen, and Amin (2012), we reestimate this spec-
ification with indicator variables for whether a molecule was covered by a strong
patent for the active ingredient. Hemphill and Sampat (2011) suggest that these
strict strong patents should have a larger effect on price than the active ingredient
patents. However, it should be noted that these patents are relatively rare. Less than
20 percent of the molecules in this already small sample had a strict patent.

Column 3 of Table 5 contains the estimated effect on log prices from active ingre-
dient patents among the sample of recently approved molecules that have received
patents or have patents pending. The estimated coefficient on the strict patent indi-
cator variables is positive but is not statistically significant from zero. This is also
true in the sample in which the comparison group is composed of molecules with
denied patent applications.

Taken together, our estimates demonstrate that the implementation of a modern
product patent system in India caused a statistically significant but economically
modest increase in prices for newly patented molecules. Across all of our estimates
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above, our confidence intervals rule out increases of greater than approximately
20 percent for the average molecule, and note that this occurs for just a small subset
of products. This effect is much smaller than the decrease in average prices in the
United States following the expiration of a patent, which is often 70 percent or more.
It is also much smaller than the pre-TRIPS estimates of a strong product patent sys-
tem in India.

An open question is why do we find a smaller price increase than was expected
prior to the reform? There are many potential reasons why this may have occurred.
First, it is possible that demand in the Indian market is such that even the profit max-
imizing price for a monopolist is only slightly higher than the market price prior to
2005. However, the earlier work of Chaudhuri, Goldberg, and Jia (2006) suggests
that, for at least one subsector of the Indian market, the profit maximizing price in
the absence of any regulatory constraints is at least twice as high as the pre-patent
price. This suggests that the lack of demand is likely not driving our modest price
effects.

Another potential mediating factor is the presence of substitute products. Even in
the case of strong intellectual property rights, close substitutes would mediate price
effects. We now consider the role of two types of substitute products in explain-
ing our results. First, consider the role of products that are direct substitutes, i.e.,
those that contain the same molecule as the patented product. In addition to being
a more direct substitute than those discussed above, the Indian patent law requires
non-patent holding firms selling the molecule to be allowed to continue selling this
product after paying a “reasonable” royalty. While the definition of reasonable is
obviously up for interpretation, it should be noted that in the Nexavar compulsory
licensing case, Natco is only required to pay Bayer a 6 percent royalty (Bajaj and
Pollack 2012). As a result of this flexibility granted to the Indian government under
TRIPS, single molecule products not receiving a patent serve as a strong substitute
for the patented product and the size of the royalty limits the pricing power of patent
holding firms.

Columns 1 and 2 of|Table 6|contain estimates from specifications of equation (1)
that allow the effect of a patent to vary by whether the molecule was sold by just
one firm in the first quarter of 2005. The sample for this analysis includes only mol-
ecules released after 1995; those molecules exhibit a post-patent price increase in
our results above. The statistically significant point estimates of approximately 0.17
in both specifications for the effect of a patent on molecules with just one producer
suggest a nearly 20 percent price increase from a patent grant. The estimate for the
main effect is small in magnitude and statistically insignificant, suggesting that the
average price effects that we estimate for the full sample are driven by molecules
with just one producer. While firms that were the sole producers of a molecule prior
to their receipt of a patent might have had some pricing power, they still presumably
faced the threat of entry. This may have caused them to implement some version of
a limit pricing strategy in order to deter entry (Milgrom and Roberts 1982). Similar
deterrence using prices was documented in the airline industry by Goolsbee and
Syverson (2008). Armed with a patent as a stronger barrier to entry, the profit max-
imizing strategy for these firms may be to raise prices.

Figure 5 contains the event study coefficients based on whether a molecule is pro-
duced by a monopolist. Prior to the granting of the patent, prices for molecules are

—
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TABLE 6—EFFECT OF INDIAN PATENT REFORM ON PRICES BY THE NUMBER OF FIRMS MANUFACTURING
SUBSTITUTE PRODUCTS

Ever Patent x QuarterTrend —0.002 —0.002
(0.002) (0.002)
(0.304] (0.313]
Has Patent 0.026 0.009 0.046 0.027
(0.022) (0.021) (0.028) (0.027)
[0.220] [0.681] [0.103] [0.327]
Has Patent x Only Firm 2005 0.169 0.166
(0.099) (0.099)
[0.090] [0.097]
Has Patent x Fewer than Two Substitutes 0.028 0.031
(0.065) (0.065)
[0.668] [0.635]
Observations 18,908 6,273 18,908 6,273
Molecules 651 204 651 204
R? 0.9817 0.9762 0.9816 0.9761
Mean of dependent variable —1.987 —2.178 —1.987 —2.178

Notes: Entries in the table represent the estimated coefficients from an OLS regression including molecule and
quarter of the year fixed effects. Standard errors are reported in parentheses and allow for arbitrary correlation
between observations at the molecule level. p-values are reported in brackets. The sample for these estimates only
includes molecules released after 1995. These estimates are based on data from IMS AG MIDAS™, 2003-2011,
IMS Health Incorporated. All rights reserved.

trending similarly regardless of the number of firms. However, in the quarter after a
patent is granted there is a sudden and substantial increase in prices for molecules
that were produced by only one firm. There was little change in average prices for
all other molecules. This suggests that the regulatory inability of firms to enforce
their patent on existing generic competitors has a mediating effect on post-patent
price increases.

We next consider therapeutic substitutes for patented molecules, which are prod-
ucts that contain other molecules intended to treat the same condition. IMS data
contains a three digit anatomical therapeutic classification (ATC) code for each
product. This pharmaceutical subgroup (of which there are nearly 300 distinct val-
ues in our data) is fairly narrowly defined and provides a reasonable approximation
of a substitute product.*®

We examine the role of therapeutic substitutes by estimating specifications of
equation (1), in which we allow the effect of the patent to vary by whether the
molecule has two or fewer molecules that are classified as therapeutic substitutes.
Approximately one-fourth of molecules fit into this category. Columns 3 and 4 of
Table 6 contains the estimates from this specification. The sample for this analysis
includes only molecules released after 1995—those molecules exhibit a post-patent
price increase in the analysis above. Our estimates indicate that there is not a

261n a companion set of specifications we investigate whether patent grants for a molecule’s therapeutic substi-
tutes influence the price or quantity of the main molecule. Our results, using two alternative definitions of patents
among therapeutic substitutes, suggest little effect from a patent being granted to a molecule’s therapeutic substitute.
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FIGURE 5. EVENT STUDY ESTIMATES FOR THE LOG OF THE AVERAGE PRICE
BEFORE AND AFTER A PATENT IS GRANTED BY NUMBER OF FIrRMs IN 2005

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects for molecules that are produced by a single firm during the first quarter of 2005. The dashed line rep-
resents the estimates from a similar model for a sample of products first produced by more than one firm in 2005.
For both specifications the sample includes only those molecule first sold after 1995. These estimates are based on
data from IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

statistically significant difference in the price effect based on the number of products
that are therapeutic substitutes.”’

These results suggest that the modest overall price effect we find is actually the
combination of a relatively large increase effect for molecules produced by a single
firm and small or no effects for all other molecules. This demonstrates both the
importance of market structure and the role of the statutory flexibilities in TRIPS for
moderating firm behavior.

There are two important points to consider about these estimates. First, the mar-
ket structure for these single-firm molecules is similar to what we might expect
for innovations that enter the global market in the future. These new products will
apply for patents in India prior to being globally available and therefore will not
have preexisting generic competition within the same molecule that would trigger
the grandfather clause provisions of reform. Therefore, the estimates in Table 6 for

27 There could be a concern that defining therapeutic substitutes at the molecule level ignores that each molecule
can be the active ingredient for a large number of different products. This concern is particularly acute in the Indian
market where Chaudhuri, Goldberg, and Jia (2006) found that consumer demand varied within identical products
based on the manufacturer. Examining the IMS sales data, the average molecule with two or fewer therapeutic
substitute molecules faces competition from 11 products. To better define the scope of competition from products
containing therapeutic substitutes we consider a definition based on the number of products containing molecules
that we classify as therapeutic substitutes. We find that molecules with 5 or fewer and those with 20 or fewer sub-
stitute products had a price increase that was approximately 2.5 percentage points greater than all other molecules
but this effect was statistically insignificant at conventional levels. It is also approximately equal to the effect that
we obtain from a molecule based definition. This suggests that the lack of a large effect is not driven by considering
the number of therapeutic substitute molecules rather than therapeutic substitute products.
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single-firm molecules may presage a growing effect of the TRIPS-induced patent
policy in the future.

Second, molecules produced by a single firm had lower average sales than those
produced by more than one firm ($100,800 versus $1,280,000 per quarter). Thus,
for the majority of molecules and the vast majority of sales-weighted molecules, our
estimates indicate that patents had very little effect on prices.”® This demonstrates
that the static inefficiencies created by product patents in India were quite small,
but that there may be dynamic efficiency gains if firms view the price increases for
monopoly molecules as evidence of the potential for future profits from newly pat-
ented innovations in this market.

B. Number of Firms and the Concentration of Sales

Our estimates suggest that patents caused at most a modest increase in average
pharmaceutical prices. In this setting, there are multiple mechanisms that could drive
this change. Perhaps the most direct is an increase in market power resulting from a
decline in the number of producers. In addition, firms granted intellectual property
rights can extract payments from other firms making the products. Therefore, the
change in prices can occur without any actual difference in observed market struc-
ture. As evidence of the existence of this phenomenon, we note that some of the
firms receiving patents for molecules never appear in the retail sales data.

We begin by examining changes in market structure that are observable in the
aggregate data. Table 2 contains the distribution of the number of firms producing
each molecule in 2006 and 2011. Interestingly, there is little change during this
period despite the introduction of hundreds of single molecule patents. Consider the
sales weighted percentages in columns 2 and 4. In both 2006 and 2011, 90 percent
of the sales weighted molecules were for products made by five or more firms. More
than 60 percent of the sales weighted molecules were for products made by 20 or
more firms in both years.

We now estimate the effect of receiving a patent on the number of firms and the
molecule level sales concentration as measured by the Herfindahl-Hirschman Index
(HHI). Panel A of|Table 7 |contains the estimates for a dependent variable equal to
the number of firms in a quarter that are selling single molecule products containing
that molecule. The first column contains the estimates from our most basic specifi-
cation of equation (1) discussed above. While the coefficient of —0.39 on the indi-
cator variable for having a single molecule patent is negative, it is not statistically
significant (p-value = 0.151). Given the standard error of 0.27, we can rule out an
average reduction of more than 0.92 firms at the 95 percent level. Note that prior
to TRIPS, each molecule had an average of approximately 15 firms manufacturing
products, so there was scope for large average changes along this dimension. *°

28This fact actually limits the immediate welfare effects from TRIPS. For example, if we reestimate equation
(1) on a sample of post-1995 molecules we find a price effect of 0.054 (0.019). However, if we weight the regression
by sales, the estimated price effect is —0.003 (0.016).

290ne concern might be that there is churn in the market—including exits of incumbent firms—around the time
a patent is granted and our effects for the number of firms are masking these changes. Therefore, we estimated a
specification with the molecule-firm-quarter as the unit of observation and define a dependent variable equal to 1
if a firm exits the market for that molecule. In these specifications, we find no evidence for an increase in firm exit
probabilities following a patent grant.
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TABLE 7—EFFECT OF INDIAN PATENT REFORM ON THE NUMBER OF FIRMS AND SALES CONCENTRATION

Panel A. Number of firms Panel B. HHI
(M 2 ®3) 4) ) (6) ™ (8)
Ever Patent x QuarterTrend  0.071 0.071 —0.0001 —0.0002
(0.027) (0.0269) (0.0006) (0.0006)
[0.008] [0.009] [0.819] [0.711]
Has Patent —0.390 —0.208 —0.890 —0.193 0.014 0.013 0.002  —0.001
(0.268) (0.274) (0.699)  (0.456) (0.007) (0.007) (0.011)  (0.007)
[0.151] [0.447] [0.203] [0.673] [0.035] [0.064] [0.875]  [0.974]
Has Patent x Post95 0.828  —0.041 0.021 0.021
(0.894)  (0.575) (0.015)  (0.012)
[0.355] [0.944] [0.168]  [0.090]
Observations 29,853 10,264 29,853 10,264 29,853 10,264 29,853 10,264
Molecules 1,012 335 1,012 335 1,012 335 1,012 335
R? 0.961 0.959 0.961 0.959 0.8867 0.8893 0.8875 0.8940
Only single patent No Yes No Yes No Yes No Yes
molecules
Mean of dependent 8.185 15.2 8.18 15.2 0.69 0.512 0.649 0.512
variable

Notes: Entries in the table represent the estimated coefficients from an OLS regression including molecule and
quarter of the year fixed effects. Standard errors are reported in parentheses and allow for arbitrary correlation
between observations at the molecule level. p-values are reported in brackets. The estimates in columns 2, 4, and
6 are for a sample containing only molecules that receive a single molecule patent at some point during the sam-
ple period. These estimates are based on data from IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All
rights reserved.

We next examine changes in the molecule level sales concentration as measured
by the HHI of sales in dollars for each molecule in each quarter. If patents cause
sales to shift toward the firm awarded the patent though do not cause firms to exit
the market, then this may be reflected in an increased HHI. Column 5 in panel B of
Table 7 contains the estimates for the full sample of molecules and shows that the
molecule level HHI (measured on a 0 through 1 scale) increases by a statistically
significant ( p-value < 0.05) 0.014 after the first single molecule patent was granted.
Column 6 contains the estimates for the more limited sample of molecules that are
eventually patented. This coefficient is roughly the same in magnitude to the main
estimate and has a p-value of 0.064.

contains the estimated coefficients from an event-study specification
with molecule HHI as the dependent variable. Prior to the granting of a patent, the
HHI is relatively smooth, negative but generally close to zero. However, after the
granting of the patent there is an immediate jump and then a consistent upward trend
in the estimated coefficients—though it is not until approximately a year and a half
after the patent that the estimated coefficients are statistically different from zero. At
this point the effect of the patent is a 0.02 increase HHI.

We find similar evidence of the small but statistically significant effect on the
HHI using the triple difference identification strategy.contains the event-
study estimates based on whether a product containing the molecule was first sold
in India prior to 1995. Prior to a patent being issued, the estimated coefficients
for the sample of molecules sold after 1995 are trending smoothly and relatively
close to zero. However, after a patent is issued there is a sudden jump in the esti-
mated coefficients that then trends upward over time. A similar pattern is not seen
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FIGURE 6. EVENT STUDY ESTIMATES FOR THE MOLECULE HHI BEFORE AND AFTER A PATENT Is GRANTED

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects. The dotted line represents the 95 percent confidence intervals with standard errors that allow for arbi-
trary correlation between observations within the same molecule. These estimates are based on data from IMS AG
MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.
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FIGURE 7. EVENT STUDY ESTIMATES FOR THE MOLECULE HHI
BEFORE AND AFTER A PATENT IS GRANTED BY MOLECULE VINTAGE

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects for molecules that are first sold in the Indian market after 1995. The dashed line represents the esti-
mates from a similar model for a sample of products first sold in the Indian market before 1995. These estimates are
based on data from IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

for the sample containing the older molecules, consistent with our hypothesis that
patents for more recent drugs are stronger. Columns 7 and 8 of Table 7 contain tri-
ple difference estimates from equation (3) for the full sample of molecules and a
sample only containing patented molecules, respectively. The estimated coefficient
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TABLE 8—EFFECT OF INDIAN PATENT REFORM ON MARKET OUTCOMES
SAMPLE OF FDA APPROVED PRODUCTS

log quantity Firms HHI
(1) & ®3) 4) ) (6)
Ever Patent x QuarterTrend —0.029 —0.038 0.052 —0.152 0.006 0.008
(0.024) (0.029) (0.111) (0.215) (0.004) (0.006)
[0.213] [0.204] [0.642] [0.483] [0.101] [0.185]
Has Patent —0.279 —0.298 —0.936 —0.969 0.026 0.030
(0.137) (0.145) (0.746) (0.764) (0.026) (0.028)
[0.048] [0.048] [0.216] [0.213] [0.332] [0.289]
Observations 1,236 994 1,242 999 1,242 999
Molecules 46 37 46 37 46 37
R? 0.909 0.898 0.956 0.954 0.814 0.811
Mean of dependent variable 14.19 14.41 10.95 13.98 0.456 0.424
Include rejected patents No Yes No Yes No Yes
Include pending patents Yes No Yes No Yes No

Notes: Entries in the table represent the estimated coefficients from an OLS regression including molecule and
quarter of the year fixed effects. Standard errors are reported in parentheses and allow for arbitrary correlation
between observations at the molecule level. p-values are reported in brackets. Products included in the sample con-
tain molecules identified in Sampat, Shadlin, and Amin (2012) as having approved for sale in the United States
between 1996 and 2004 and applying for patent protection in India. The estimates in columns 1, 3, 5, and 7 are for
a sample of molecules with either granted patents or pending applications. Columns 2, 4, 6, and 8 are for a sam-
ple of products with either granted or rejected patents. These estimates are based on data from IMS AG MIDAS™,
2003-2011, IMS Health Incorporated. All rights reserved.

for the sample containing only patented molecules shows a statistically significant
(p-value < 0.10) 0.021 increase in the molecule level HHI.

To provide some context for the magnitude of this change in concentration, we
look to the horizontal merger guidelines provided by the United States Department
of Justice (DOJ). In the first quarter of 2006, the average molecule that eventually
received a patent had an HHI of 0.534. If each molecule were a market, then the
average market would be considered highly concentrated. According to the United
States Department of Justice (DOJ) horizontal merger guidelines, our estimates of
an HHI increase between 0.01 and 0.02 in the HHI would “potentially raise signif-
icant competitive concerns and often warrant scrutiny” while an increase of greater
than 0.02 would be “presumed to be likely to enhance market power.” Therefore,
our estimate of an increase in the years after a patent is granted is a statistically
significant and economically meaningful increase in sales concentration that would
likely give the originating firm additional pricing power. This could explain at least
part of the mechanism underlying the price increase in Table 4. However, it is also
important to note that this estimated change in market concentration is far smaller
than what would occur if all sales went to just one firm as a result of the patent.

Returning to our estimates using the sample of products recently approved for
sale in the United States, columns 5 and 6 of contain the estimates for a
dependent variable equal to the molecule level HHI. The estimated effect is broadly
similar in magnitude to the DDD estimates in Table 7, but is not statistically differ-
ent from zero.
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Taken together, our estimates show that the introduction of a large number of
product patents did not transform the market structure in terms of the number of
firms. These regression estimates are quite consistent with the aggregate data, which
suggest little change in the average number of firms producing each molecule during
a period when hundreds of new patents were issued. Many years after the creation
of the patent system, there was also no meaningful change in the raw number of
firms participating in the Indian pharmaceutical market. This suggests that previous
predictions of the effects of the TRIPS patent reform that assume, either explicitly or
implicitly, that it would cause a marked change in the number of firms in the market
have likely overstated the immediate effects of TRIPS on access to pharmaceuticals
and on consumer welfare in India. Even though we find little change in the average
number of firms, our results do reveal an increase in the concentration of sales fol-
lowing patent introductions that rises over time.

In addition to the removal of infringing firms, the TRIPS reform was intended to
promote the introduction of new products to the Indian market. Online Appendix
Figure 1 contains the share of molecules that appear in our data during our study
period with positive sales entering the Indian market. We see no marked increase in
the rate of new molecule introduction after the creation of a product patent system.
This lack of a large increase in the number of new molecule introductions in the
Indian market matches the existing work by Kyle and McGahan (2012). The lack of
a substantial price increase after patent introduction demonstrated above may par-
tially explain the absence of a large change in the rate of new molecule introduction.

C. Quantities Sold

We next examine the effect of patents on the quantity of drugs sold. While the
price effects described above are relatively modest, the structure of the Indian retail
market means that even without a substantial price increase, it is possible that
decreased sales could result from differential access across firms to local distri-
bution networks. As a result of the large number of domestic firms manufacturing
similar products, the Indian retail pharmaceutical market is relatively fragmented.
Pharmaceutical firms supply products to carrying and forwarding agents. These
agents then supply stockists, who then in turn provide inventory to retail pharmacies
that sell products to customers. In 2008 there were approximately 65,000 stock-
ists working with 550,000 retail pharmacies (Langer and Kelkar 2008)." Given
these facts, removing domestic firms with differential access to retail channels could
decrease the quantity sold through a channel other than price increases.

Columns 5 and 6 of Table 4 contain the results for specifications in which the
dependent variable is equal to the log of the number of standard daily doses. In both
samples, we estimate a small, negative, and statistically insignificant decrease in the
quantity sold following a patent grant. For example, in the full sample the estimate

30Goldberg (2010) details this fragmentation when discussing the preference among Indian consumers for
products containing the same molecule produced by domestic manufacturers over those produced by foreign multi-
national firms. They posit that this preference across seemingly homogeneous products stems in part from domestic
firms having better access to specific retail settings across India and potentially investing more in local marketing
efforts. After all, the ability of a consumer to purchase a product at any price is a function of that product being in
stock at the point of purchase.
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FIGURE 8. EVENT STUDY ESTIMATES FOR THE LOG OF THE QUANTITY SOLD
BEFORE AND AFTER A PATENT IS GRANTED

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects. The dotted line represents the 95 percent confidence intervals with standard errors that allow for arbi-
trary correlation between observations within the same molecule. These estimates are based on data from IMS AG
MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

suggests a 5.4 percent decrease, but has a p-value of 0.136. contains the
event study specifications. These coefficients show little change in the quantity sold
in the quarters before or after a patent was granted.

 Figure 9|contains the event study coefficients for samples split by the vintage of
the molecules. While neither sample provides strong evidence of a sales decline, the
sample of post-1995 molecules does have a large change in the time period shortly
after the granting of a patent. Columns 7 and 8 of Table 4 contain the estimates
from equation (3) with the dependent variable as the (log of) quantity sold. Neither
estimate is statistically significant but both are in the expected (negative) direction
given the post-patent price increase.

The estimated effect of patents on the quantity sold for the sample of molecules
approved in the United States between 1996 and 2004 is substantially greater than
the estimate from the main sample. The specifications summarized in columns 1
and 2 of Table 8 show that following the granting of a patent, there was an approx-
imately 27 percent decrease in the quantity of standard doses sold. This estimate is
statistically significant with a p-value less than 0.05, though the wide confidence
interval is compatible with a large range of effect sizes. While the price increase for
these molecules was larger than for the entire sample (i.e., 6 percent versus 2.7 per-
cent), even considering the larger price increase the decline in quantity sold would
suggest quite elastic demand. However, it appears that this decline is at least partly
the result of a reduction in the number of firms manufacturing products containing
these molecules and not simply a decline in sales for firms that remain in the mar-
ket.?! We note that in columns 3 and 4 of Table 8 there is a large, though statistically

31n addition, there appears to be a negative pre-trend in the quantity sold of these products. Online Appendix
Figure 6 contains the estimates from an event study specification which shows this pre-trend in the quantity sold for
drugs that receive patents compared to those that still have their patents pending.
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FIGURE 9. EVENT STUDY ESTIMATES FOR THE LOG OF THE QUANTITY SOLD
BEFORE AND AFTER A PATENT Is GRANTED BY MOLECULE VINTAGE

Notes: The solid line represents the estimated coefficients for indicator variables for the number of quarters before
or after a molecule is first granted a patent from an OLS specification including molecule and quarter of the year
fixed effects for molecules that are first sold in the Indian market after 1995. The dashed line represents the esti-
mates from a similar model for a sample of products first sold in the Indian market before 1995. These estimates are
based on data from IMS AG MIDAS™, 2003-2011, IMS Health Incorporated. All rights reserved.

insignificant, decline in the number of firms. This suggests that the removal of firms
could be the source of a large portion of the decline in quantity sold. Recall that
Chaudhuri, Goldberg, and Jia (2006) and Goldberg (2010) found that there were
strong preferences for domestic firms even within products containing identical
molecules. Therefore, the large but imprecise change in quantity for this sample
could be the result of a combination of a larger change in prices and a decrease in
product availability.

Overall, there appears to be relatively little average change in quantity resulting
from the creation of an Indian product patent system. However, for a sample of
products recently approved by the US Food and Drug Administration, the reform
appears to have caused a sales decline resulting from a relatively large rise in prices
and a decrease in the number of firms.

V. Conclusion

In 2005, India enacted a fundamental change to its patent system for pharmaceu-
tical products. Since then, India has granted hundreds of patents to both domestic
and multinational firms. This represents one of the first attempts to apply an entirely
new patent system to an existing market of this size and scope. Prior to the new
patent system, there were many products being sold containing molecules that were
patented outside of India but were domestically manufactured and sold by a large
number of firms. These conditions appeared ripe for large changes from a product
patent system.
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While there were significant fears across a variety of constituencies that this new
system would cause dramatic prices increases and further limit access to pharma-
ceuticals in India, we find little evidence of large changes. Looking at both aggre-
gate statistics and longitudinal data, we find that the patent reform did not decrease
the number of firms making molecules, though we do see a statistically significant
shift in the molecule-level sales concentration. This is consistent with patents bene-
fiting originating firms. We also find that the new product patents increased prices,
but the magnitude of the change was ultimately quite small. Overall, we find little
change in the quantity sold as a result of these price increases. However, when we
focus on a subset of products that were recently patented outside of India by foreign
firms we do see substantial decreases in the quantity sold. This is consistent with
an important role for retail distribution networks established by domestic firms as
discussed in Goldberg (2010). Over time, foreign originating firms could invest in
these networks, limiting any effects on quantity.

In the years surrounding the passage of TRIPS, there were great concerns about
the potential effects of creating strong product patents in the developing world. As
described by Sampat (2010), the reality of implementing TRIPS was more com-
plicated than simply creating a new version of United States Patent and Trademark
Office or the European Patent Office. For example, molecules that were patented
outside of India prior to 1995 were meant to be excluded from this system unless
they were part of a new invention. This appears to have limited the strength of many
of the newly issued patents that applied to products before this date. Consistent with
this, we find essentially no effect from patents issued for molecules that were first
sold in the Indian market before 1995. However, when we concentrate our estimates
on more recent molecules, we find price effects that are larger but can still rule out
price increases larger than 10 percent.

One possible explanation is that demand in the Indian market cannot support
profit maximizing prices at higher levels. However, Chaudhuri, Goldberg, and Jia
(2006) show that very large price increases after a product patent system that did not
involve any price controls or other regulatory features would be profit maximizing
for originating firms within the fluoroquinolones subsegment. This suggests that
the difference between our estimates and earlier work might stem from other regu-
latory features included within TRIPS. For example, the Indian government retains
the ability to institute price controls and to force originating firms with prices that
are deemed to be unaffordable to license their technology to a generic competitor.
While these features of TRIPS have been sparingly used, their specter hangs over
the pricing decisions of originating firms and may limit their ability to raise prices
by as much as predicted in previous work.>”

Our relatively small estimated effects could be seen as both good and bad news for
the Indian market. At least in the short-term, they suggest relatively few static inef-
ficiencies resulting from an increase in intellectual property protection. This takes

32previous work has examined how firms may change their behavior to avoid the imposition of regulations.
Glazer and McMillan (1992) develop a model where firms set prices below the profit maximizing point to avoid the
attention of regulators. Erfle and McMillan (1990) show that oil firms did not pass along the full costs of the 1979
oil shock and that this was particularly true for large firms such as Exxon and for salient products such as home heat-
ing oil. Of interest to our setting, Ellison and Wolfram (2006) show that pharmaceutical firms in the United States
restrained price increases during a debate about health care reform that may have negatively affected their profits.
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on additional significance when one considers that India is also one of the largest
exporters of pharmaceuticals—particularly to the developing world. In 2010, India
exported approximately $17.2 billion worth of pharmaceuticals (Kallummal and
Bugalya 2012)*3 Many of these exports were critical in supplying certain prod-
uct segments that treat diseases prevalent in markets of Africa, Asia, and Latin
America—most notably vaccines and antiretroviral drugs for treating HIV (Greene
2007). The nonprofit organization Doctors without Borders estimates that 80 per-
cent of the AIDS medications it distributes are manufactured in India (Ahmed and
Sharma 2012). This role of the domestic Indian pharmaceutical manufacturers in
providing affordable pharmaceuticals for impoverished countries was an additional
concern for the potentially far reaching effects of the TRIPS reform. For example,
in 2001 CIPLA announced it would provide anti-retro viral (ARV) drugs for the
treatment of AIDS for one dollar a day in sub-Saharan Africa. Previously, these
products had been sold for between ten and fifteen thousand dollars a year (Doshi
2004). If a large number of firms are forced to exit the market, or there is a marked
price increase from the TRIPS reform, this could cause health concerns well outside
of India’s borders.

However, the lack of a large price effect also suggests that there may only be a
small increase in expected profits for pharmaceutical firms in India. This limits the
increase in incentives to create new products for this market and provides some
insight into existing work regarding the incentive effects of TRIPS. Lanjouw and
Cockburn (2001) found little effect of TRIPS on the development of products tar-
geting diseases prevalent in developing countries. The authors posit this is likely the
result of insufficient time for firms to respond. In a later and more definitive study,
Kyle and McGahan (2012) estimated the dynamic efficiency of the TRIPS reform
and find little change in R&D expenditures for “neglected diseases” such as malaria
and river blindness that have a higher prevalence in poorer countries. These results
are consistent with our data (summarized in online Appendix Figure 1), which pro-
vide little evidence to suggest that there was an increase in the rate at which new
molecules were introduced in India after the move to a new patent system. Our
results suggest that this lack of a change in innovative activity could be the result of
a poorly functioning patent system that does little to change the static efficiency and
provide the incentives necessary for innovation.
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